A Gram-stain-negative, strictly aerobic, chemoheterotrophic marine bacterium, designated 20V17 T , was isolated from a deep-sea hydrothermal vent chimney collected from the South-west Indian Ridge. Cells of strain 20V17
0.5-0.7 mm in width. Growth was observed at between 20 and 37 6C (optimum 25 6C-28 6C), pH 5.0 and 8.0 (optimum pH 7.0) and 0.5 and 8 % (w/v) NaCl (optimum 1.5-2.0 % NaCl). The major fatty acids were C 18 : 1 v7c (74.4 %), C 19 : 0 cyclo v8c (11 %), C 18 : 0 (5.1 %) and C 18 : 0 3-OH (2.8 %), and the polar lipid profile comprised diphosphatidylglycerol, phosphatidylethanolamine, an unidentified glycolipid and four unidentified phospholipids. Ubiquinone 10 was the major quinone. The G+C content of genomic DNA was 66.3 mol%. Phylogenetic analyses based on 16S rRNA gene sequences showed that strain 20V17 T belonged to the genus Defluviimonas and shared 96.5 and 96.1 % sequence similarity with Defluviimonas denitrificans D9-3 T and Defluviimonas aestuarii BS14 T , respectively. On the basis of the taxonomic data obtained in this study, strain 20V17
T represents a novel species of the genus Defluviimonas, for which the name Defluviimonas indica sp. nov. is proposed. The type strain is 20V17 T (CGMCC 1.10859 T 5JCM 17871 T 5MCCC 1A01802 T ).
The genus Defluviimonas, classified within the family Rhodobacteraceae, was first proposed by Foesel et al. (2011) and subsequently emended by Math et al. (2013) . Cells of this genus are Gram-negative rods, non-motile or motile by a single polar flagella, strictly or facultatively aerobic, chemo-organotrophic, non-pigmented, non-phototrophic, moderately halophilic, and catalase and cytochrome c oxidase-positive. At the time of writing the genus contained two species, Defluviimonas denitrificans, which was isolated from the biofilters of a recirculating marine aquaculture system in Rehovot, Israel (Cytryn et al., 2003) , and Defluviimonas aestuarii, which was isolated from a tidal flat of the South Sea in Korea (Math et al., 2013) .
In our study of the microbial diversity at the deep-sea hydrothermal fields, an aerobic and heterotrophic, Gramreaction-negative bacterium, strain 20V17 T , was obtained that was phylogenetically related to members of the genus Defluviimonas (Foesel et al., 2011) . On the basis of its chemotaxonomic, physiological and phylogenetic characteristics, we propose the isolate as a representative of a novel species within the genus Defluviimonas. Here, the characterization and classification of strain 20V17
T based on a polyphasic approach are described.
Strain 20V17
T was isolated from a hydrothermal sulfide chimney sample collected from 2783 m depth on the Southwest Indian Ridge (37.78 u S 50.64 u E) during the cruise of Da-Yang Yi-Hao in 2008. The chimney sample was diluted and spread on Luria-Bertani (LB) agar medium (10 g tryptone l
21
, 5 g yeast extract l 21 , 30.0 g NaCl l 21 and 15 g agar l
), which was then incubated at 28 u C. Strain 20V17 T was isolated and subsequently purified on LB agar plates at 28 u C three times. Unless stated otherwise, the strain was grown routinely on LB at 28 u C for characterization studies.
Genomic DNA was extracted by using the method of Ausubel et al. (1995) and the 16S rRNA gene was PCRamplified as described previously (Liu & Shao, 2005) . The almost-complete 16S rRNA gene sequence (1431 bp) of strain 20V17
T was obtained and analysed using BLAST search against the GenBank and EzTaxon databases (Altschul et al., 1997; Kim et al., 2012) . The 16S rRNA gene sequences of closely related taxa obtained from the GenBank database were aligned using the SINA sequence alignment program (http://www.arb-silva.de/aligner/; Pruesse et al., 2012) based on secondary structures. Phylogenetic analysis was performed using the program MEGA 6.0 (Tamura et al., 2013) . Distance matrices were calculated according to the Kimura two-parameter model (Kimura, 1980) . Phylogenetic trees were inferred using the neighbour-joining (Saitou & Nei, 1987) , minimum-evolution (Rzhetsky & Nei, 1992 , 1993 and maximum-likelihood methods (Felsenstein, 1981) . Bootstrap values were determined based on 1000 replications. The neighbour-joining tree is shown in Fig. 1 . Clustering results with the minimum-evolution and maximum-likelihood approaches were similar to that obtained using the neighbour-joining method and were shown in 
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Gemmobacter aquatilis DSM 3857 T (FR733676) ( Fig. 1) . The topologies of phylogenetic trees built using the minimum-evolution and maximum-likelihood methods also supported that strain 20V17 T could be a member of the genus Defluviimonas.
Morphological observation under a transmission electron microscope (model JEM-1230; JEOL) was performed on cultures grown on LB agar at 28 u C for 2 days (Fig. S1) . Gram-reaction, catalase and oxidase were studied as described previously (Liu & Shao, 2005) . The optimum growth temperature was tested at 4, 10, 15, 20, 25, 28, 30, 35, 37, 40 and 45 u C. The pH range for growth was determined from initial pH 4.0 to initial pH 10.0 in steps of 1.0 pH unit in LB medium buffered and adjusted to the required pH as described elsewhere (Lai et al., 2014) . Salt tolerance was investigated by using LB medium supplemented with 0, 0.5, 1, 1.5, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12 and 15 % (w/v) NaCl. Other biochemical tests were carried out on API 20NE and API ZYM strips (bioMérieux) according to the manufacturer's instructions, with the adjustment of NaCl concentration to 2.0 % (w/v) in all tests. These results are provided in the species description and Table 1 . Antibiotic susceptibility tests were performed by using disc diffusion methods (Shieh et al., 2003) . Data for catalase, oxidase, API 20NE, API ZYM and antibiotic susceptibility testing were obtained at the same time under the same conditions for strain 20V17
T and D. denitrificans D9-3 T for comparison.
Anaerobic growth was detected in modified YT medium (Wery et al., 2001) : 1 g yeast, 1 g tryptone, 0.5 g cysteine hydrochloride and 1 mg resazurin were dissolved in one litre MJ synthetic seawater (Sako et al., 1996) with different electron acceptors (10 mM KNO 3 , 10 mM KNO 2 , 10 mM Na 2 SO 4 , 10 mM Na 2 SO 3 , 10 mM DMSO, 10 mM FeCl 3 , 5 mM ferric citrate). The production of bacteriochlorophyll a and carotenoids was detected according to the method of Lai et al. (2009) . The presence of the photosynthetic reaction centre genes, pufL and pufM, was determined by PCR amplification with the specific primer sets pufM 557F and pufM 750R, and pufL-F and pufM 750R (Achenbach et al., 2001; Béjaà et al., 2002; Zeng et al., 2009) . All reactions were carried out in 50 ml mixtures containing approximately 10-50 ng DNA, 106 reaction buffer, 200 mM dNTP, 10 pmol each primer, 1.5 mM MgC1 2 and 0.5U Taq polymerase. The reactions were performed in a T3 thermocycler (Biometra) with the following program: 94 u C for 3min, followed by 35 cycles of 94 u C for 1 min, 55 u C for 1 min and 72 u C for 1 min, with a final extension step at 72 u C for 10 min. In addition, the draft genome sequence of strain 20V17
T (DDBJ/EMBL/ GenBank accession number, AYXI00000000) was searched for the presence of the pufL and pufM genes. Anaerobic growth was not observed under the conditions examined in this study. Bacteriochlorophyll and carotenoids were not detected in extracts. The presence of the pufL and pufM genes was not detected by PCR amplification and searching of genomic data. The results indicated that strain 20V17 T was obligately aerobic and non-phototrophic.
Fatty acids in whole cells grown on LB medium at 28 u C for 48 h were extracted, saponified and esterified, which was followed by GC analysis of the fatty acid methyl esters according to the instructions of the MIDI system (Sasser, 1997) . The fatty acid profile of D. denitrificans D9-3 T was determined in parallel with that of strain 20V17
T under the same conditions. Cells were also harvested for fatty acid analysis after incubation at 28 u C for 48 h and the results are shown in Table S1 . The major fatty acids of strain 20V17 T were C 18 : 1 v7c (74.4 %), C 19 : 0 cyclo v8c (11 %), C 18 : 0 (5.1 %) and C 18 : 0 3-OH (2.8 %). The cellular fatty acid composition was similar to that of the reference strains D. denitrificans D9-3 T and D. aestuarii BS14 T . The significant difference between strain 20V17
T and the two reference strains was that the fatty acid C 19 : 0 cyclo v8c was observed at 11.0 % in strain 20V17
T while only trace levels were found in D. denitrificans D9-3 T and D. aestuarii BS14 T .
The polar lipids of strain 20V17 T and D. denitrificans D9-3 T were analysed by one-and two-dimensional TLC as described by Kates (1986) . Merck silica gel 60 F 254 aluminiumbacked thin-layer plates were used in TLC analysis. The plate dotted with sample was subjected to two-dimensional development, with the first solvent chloroform/methanol/ water (65 : 25 : 4, by vol.) followed by second solvent chloroform/methanol/acetic acid/water (85 : 12 : 15 : 4, by vol.). The respiratory lipoquinone of strain 20V17 T was determined by the identification service at the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ, Braunschweig, Germany). The DNA G+C content was determined by the whole genome sequencing of strain 20V17 T . These results are given in Table 1 and Fig. S2 . The predominant polar lipids in strain 20V17
T were diphosphatidylglycerol, phosphatidylethanolamine, an unidentified glycolipid and unidentified phospholipids, which were similar to those of D. denitrificans D9-3 T and D. aestuarii BS14 T . The only difference was that the unidentified glycolipid found in strain 20V17
T was absent in the two reference strains.
The combined phenotypic, chemotaxonomic and phylogenetic evidence conclusively demonstrates that strain 20V17 T represents a novel species in the genus Defluviimonas, for which the name Defluviimonas indica sp. nov. is proposed.
Description of Defluviimonas indica sp. nov.
Defluviimonas indica (in9di.ca. L. fem. adj. indica Indian, referring to the Indian Ocean, where the type strain was first isolated).
Cells are Gram-stain-negative, short rod-shaped (0.5-0.7 mm61.2-1.8 mm) and motile by a single polar flagellum. Colonies are circular, convex, pale yellow in colour and nonpigmented. The optimum growth temperature is 25-28 u C and no growth occurs at below 20 u C or above 37 u C. Growth occurs at pH 5.0-8.0 and with 0.5-8.0 % (w/v) NaCl, optimally at pH 7.0 and with 1.5-2 % (w/v) NaCl. Strictly aerobic, non-phototrophic. Oxidase and catalase are positive. Positive (using API20 NE) for reduction of nitrate to nitrite, urease and D-mannitol utilization; weakly positive for glucose fermentation and malic acid utilization; negative for denitrification, indole production, arginine dihydrolase, b-glucosidase, gelatin decomposition, b-galactosidase, utilization of D-glucose, L-arabinose, D-mannose, N-acetylglucosamine, maltose, potassium gluconate, capric acid, adipic acid, trisodium citrate and phenylacetic acid. Tested by the API ZYM enzyme assay, positive for alkaline phosphatase, esterase lipase (C8), leucine aminopeptidase, valine aminopeptidase and acid phosphatase; weakly positive for esterase (C4), lipase (C14), cystine aminopeptidase and naphthol-AS-BI-phosphoamidase; negative for trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, 
